A DNA hybridization method with an enzyme-labeled oligonucleotide probe (mecA-ELONP) was developed to detect the methicillin-resistant gene (mecA) (3, 7, 13) . These factors complicate the identification of MRSA.
Methicillin-resistant Staphylococcus aureus (MRSA) is highly resistant not only to 1-lactam antibiotics but also to aminoglycosides and other chemotherapeutic drugs (6, 11) . In some countries, MRSA has recently become a serious problem, especially as a cause of nosocomial infections (2) . Appropriate treatment of MRSA infection requires the rapid and reliable identification of this pathogen. Conventional methods to identify MRSA are based on susceptibility (determination of the MIC) to oxacillin and/or methicillin (17) . MIC determination is, however, uncertain in some strains, and results are often affected by culture conditions (3, 7, 13) . These factors complicate the identification of MRSA.
The main mechanism of drug resistance in MRSA is explained by the production of a new penicillin-binding protein (PBP), designated PBP2' or PBP2a, which has a low affinity for 3-lactam antibiotics (16, 19, 28) , in contrast to the four better-known PBPs. The gene which encodes PBP2', mecA, has been cloned from the chromosomal DNA of MRSA and sequenced (12, 20, 22, 27) . mecA has been distributed among MRSA but not methicillin-susceptible S. aureus (MSSA) (1, 15, 25) .
DNA hybridization with fragments of mecA has recently been reported as a more reliable way to identify MRSA (1, 4, 9, 14) . Although hybridization tests using radioisotope-labeled DNA fragments may be useful for research laboratories, radioisotope management in routine clinical laboratories is difficult. To avoid this problem, various enzyme-labeled oligonucleotide probes are under investigation (8, 18, 29 in the Osaka prefecture, Japan, were used. All isolates were derived from individual patients; there was no duplication. S. aureus RIMD3109028 (MIC of oxacillin was 256 pLg/ml) and RIMD3109036 (MIC of oxacillin was 1 ,ug/ml) were used as positive and negative controls, respectively, for the detection of the mecA gene. The presence of mecA in RIMD3109028 and its absence in RIMD3109036 were confirmed by PCR as described previously (15) . These control strains were supplied from the Laboratory for Culture Collection, Osaka University.
Media and solutions. Heart infusion agar (Difco Laboratories, Detroit, Mich.) and Mueller-Hinton agar medium (Oxoid Ltd., Hampshire, England) were used for the growth of S. aureus and CNS. SSC (I x SSC was 0.15 M NaCl plus 0.015 M sodium citrate) buffer was prepared as previously described (21) .
Susceptibility test. MICs were determined by the plate dilution method with Mueller-Hinton agar medium containing 2% NaCl inoculated with approximately 104 CFU of bacteria. The MIC was defined as the lowest concentration of antibiotics inhibiting visible bacterial growth on the agar plates after incubation for 24 h at 35°C. Methicillin resistance was determined when MICs of oxacillin were 4 pLg/ml or higher (17) .
Preparation of probes. Oligonucleotide probes with an internal deoxyuridine possessing a six-carbon spacer were prepared following a previously described phosphoramidate method utilizing a DNA synthesizer (8, 24) . The probe was purified on a Mono-Q column (Pharmacia, Uppsala, Sweden).
The selected nucleotide sequence for this probe extended from nucleotides 1552 to 1576 after the initiation codon ATG of mecA (20) . The sequence was 5'-XAGAGTAGCACTC GAATTAGGCAGT-3' (X denotes a deoxyuridine to which a side arm is linked). A purified linker-armed oligonucleotide was covalently cross-linked with alkaline phosphatase as described previously (8, 24) . Conjugates were then dissolved in conjugate buffer (30 mM Tris-HCl, 3 M NaCl, 1 mM MgCl2, 0.1 mM ZnCl2, 0.05% NaN3 [pH 7.6]) at 10 ,ug of DNA per ml and stored in the dark at 4°C until use. Enzyme activity was found to be stable for at least 12 months.
Hybridization procedure. Following overnight growth at 37°C on heart infusion agar plates, the colonies, which included positive and negative control strains, were transferred onto nylon membranes (GeneScreen Plus; Dupont-NEN, Boston, Mass.) with sterile toothpicks. A filter paper (3MM; Whatman Paper Ltd., Maidstone, England) infused with 0.5 N NaOH-1% sodium N-lauroyl sarcosinate was preheated in a plastic tray in a 98°C water bath. The membrane was laid on the filter paper and similarly incubated for 10 min in the 98°C water bath to lyse the cells and to denature the DNA. To neutralize the alkaline solution, each membrane was initially laid on a filter paper wetted with 1 M Tris-HCl buffer (pH 7.4), left for 1 min at room temperature, subsequently transferred to a new filter paper suffused with the same buffer, and allowed to stand for 10 min at room temperature. Each membrane was then transferred to a tray containing 100 ml of 5 x SSC, and the residual bacterial debris was rubbed off with a plastic sponge. After being rinsed with 5 x SSC, the membrane was transferred to a plastic hybridization bag containing 1 ml of hybridization buffer (5 x SSC with 0.5% bovine serum albumin, 0.5% polyvinylpyrrolidone, 1% sodium dodecyl sulfate [SDS] ) and 5 pul of the probe solution (for a 100-cm2 membrane). The bag was incubated for 15 min at 55°C in a water bath. Then, each membrane was removed from the plastic bag, transferred to a tray containing 100 ml of 2x SSC-1% SDS preheated to 55°C in a water bath, and incubated with gentle shaking at the same temperature for 10 min. The membrane was transferred to a tray containing 100 ml of 1x SSC-0.5% Triton X-100 and left for 10 min at room temperature. Following this, each membrane was transferred to a plastic bag containing 7.5 ml of substrate buffer (0.1 M Tris-HCl, 0.1 M NaCl, 0.1 M MgCl2, 0.1 mM ZnCl2, 0.05% NaN3 [pH 8.5]), 33 ,ul of nitroblue tetrazolium (75 mg/ml in 70% dimethylformamide), and 25 ,ul of 5-bromo-4-chloro-3-indolylphosphate (50 mg/ml in dimethylformamide) and incubated at 37°C for 60 min. Positive results were ascertained by the appearance of purple color on the membrane. The presence of mecA was determined visually in relation to the controls.
In order to determine the detection limit of the number of bacterial cells, serial dilutions of a broth culture were also prepared, and 2-,ul portions of diluted broth culture were spotted onto a membrane. After being dried, the membrane was assayed as described above. Portions (100 ,ul) of diluted broth culture were also applied to heart infusion agar plates and incubated at 37°C for 24 (11) . The multidrug resistance of (3, 7, 13) . Thus, it is difficult to determine the levels of methicillin resistance of borderlineresistant strains, for example, strains producing large amounts of 3-lactamase (4, 13). Recently, several methods for the detection of mecA of MRSA with DNA probes (1, 4, 9, 14) and PCR (15, 23, 25, 26) have been reported. These genetic methods are probably the most reliable tools for identifying MRSA, especially when susceptibility tests are ambiguous. Most of these methods, however, use cloned DNA fragment probes labeled with radioisotopes, hazardous materials which are laborious to prepare, need special handling procedures, and require facilities for safety. A nonradioactive DNA probe with cloned DNA for the detection of MRSA has also been reported recently (9) 
